The defects found in congenital heart disease are frequently of such character as to disturb the normal pathways of circulation through the heart. The common types of congenital lesions responsible for diverting the normal course of blood are interventricular septal defects with or without pulmonary stenosis, auricular septal defects, and patent ductus arteriosus. In these anomalies the hemodynamic relationship between the right and left side of the heart becomes so altered as to lead to a mechanical interference with the proper oxygenation of the blood. When this obtains, quantities of blood pass unaerated (venous-arterial shunt) from the right to the left side of the heart giving rise to varying degrees of oxygen unsaturation, cyanosis, and anoxemia. On the other hand, the course of the blood stream may be shunted from the left to the right side of the heart (arterial-venous shunt), thereby permitting oxygenated blood to pass back into the lesser circulation. Under the latter conditions there may be neither anoxemia nor cyanosis.
In this study we have sought to obtain data regarding the presence or absence of anoxemia and factors influencing its development. Information of this kind is of course important in congenital heart afflictions because prognoses, particularly of the potentially more serious defects, depend in general on the degree of anoxemia and the extent of the increase of the work of the heart. The degree of cyanosis is a valuable guide, but is not an accurate measure of anoxemia. If polycythemia is present, there may be a sufficient quantity of oxygen for the tissues and, in addition, enough reduced hemoglobin to cause cyanosis. Conversely, anoxemia may be present without visible cyanosis. We have attempted here to investigate this problem by studying the variations in blood lactic acid levels at rest and following slight exercise. The amount of lactic acid in the blood can be utilized as a measure of anoxemia since it is recognized that a reduction in the oxygen supply to the tissues can, by inhibiting the oxidative recovery process, prevent the combustion of lactic acid and its conversion to glucose, thus giving rise to the accumulation of this substance in the tissues and blood stream (1, 2).
METHOD
The investigation was carried out in the morning with the subjects in the fasting state. The patients rested at least thirty minutes before being placed in the chairergometer, and a sample of blood was drawn from the anterior cubital vein. With the exception of a few who were too ill, all subjects were subjected to a mild exercise test. The exercise on the chair-ergometer is simple and easily executed after the subject has been given a few simple instructions. Briefly, the apparatus consists of a comfortable chair projecting out from which is a double set of small tracks. The feet are fastened to two runners which in turn fit on the tracks. In the act of extension of the legs a set of weights, connected to the heels of the runners by a combination of bicycle chains, are raised a given distance. The work performed is calculated in terms of kilogrammeters. An average of about 1500 kgm. m. of work was done in ten minutes. We have considered this amount of physical work as equivalent to mild exercise. Several patients, however, were unable to carry out this amount of exercise because of fatigue and dyspnea. After exercise the subject remained sitting quietly in the chair. Seven minutes after the cessation of exercise a second sample of blood was removed from the anterior cubital vein. Lactic acid reaches a maximum concentration in the anterior cubital vein seven minutes after the termination of work on the chair-ergometer (3). The samples of blood were then analyzed for lactic acid in duplicate or triplicate by the method of Freidemann, Cotonio, and Shaffer (4) . The error involved in the method is no greater than 1 mgm. per cent.
MATERIAL
Thirty-nine persons were studied. In several instances the individual experiments were re-385 peated. Of the total number tested eighteen were patients with congenital heart disease (Tables II  and III) with clinical or radioscopic evidence of either intra or extra cardiac communications between the venous and arterial circulation. In this group eight were diagnosed as having interventricular septal defects; seven cases showed the classical findings of patent ductus arteriosus; two cases with permanent cyanosis were diagnosed as tetralogy of Fallot; and one case possessed either an interventricular septal defect or a patent auricular septal defect. The diagnosis in each of the eighteen cases of congenital heart disease was based on the auscultatory findings, radioscopic appearance of the heart, and electrocardiographic evidence. In two cases it was necessary to rely solely on the auscultatory findings because of the absence of enlargement of one or more chambers of the heart and the absence of enlargement of the pulmonary artery. In these two cases, however, the auscultatory findings were quite conclusive in respect to the location and character of the murmur and of the accompanying localized thrill.
Ten of the subjects studied had normal cardiovascular systems and their ages ranged from ten to fifty-nine years. There were six cases of acquired valvular defects, two of which were associated with auricular fibrillation. Of the remaining five cases there were two of coronary thrombosis, two of hypertension associated with coronary disease, and one of ventricular tachycardia.
RESULTS
The concentration of lactic acid in venous blood of the normal human at rest with the Freidemann, Cotonio, and Shaffer method (4) varies from 10 to 20 mgm. per 100 cc. of blood (5) . Table I shows the lactic acid values obtained from ten normal subjects at rest and after the above described mild exercise. After these same individuals were submitted to our exercise test the concentration of venous blood lactate never exceeded 21 mgm. per 100 cc. The average concentration of lactic acid at the resting level was 13.8 mgm. per 100 cc. while after mild exercise it was 16.3 mgm., an average increase of slightly more than 2 mgm. per 100 cc. No patient showed nor complained of fatigue or dyspnea after the exer- If anoxemia can develop as a result of the shunting of venous blood from the right heart to the left through unaerated channels (veno-arterial) we should expect to find a corresponding increase in the blood lactic acid level following exercise.
On the other hand, if the shunt is arterial-venous, then no rise of the blood lactic acid level would be expected. The findings in Table II showing the effect of exercise on the venous blood lactic acid level at rest and following exercise are striking in that they indicate that anoxic anoxemia (6) can occur without cardiac failure. The most obvious explanation of this situation is that adequate amounts of unaerated blood are shunted into the general circulation, thus creating an oxygen deficit (anoxemia). If, following the exercise test the recovery phase be prolonged because of this oxygen shortage, an excessive accumulation of lactic acid will be expected in the venous blood for some time after the termination of the exercise. The amount of unaerated blood shifted will depend on the size of the defect, and the height of blood pressure in the two circuits. As long as the pressure in the right heart or pulmonary artery is maintained higher than on the left side unaerated blood will pass through the defect.
In congenital heart disease, tissue anoxia is apparently not present during rest for the lactic acid values are essentially normal. While the circulation rate may be slowed somewhat if polycythemia is present, enough oxygen seems to be available to remove the lactic acid which is normally formed at rest.
When Table II (cyanotic group) is compared to Table III (acyanotic group) it will be noted that the lactic acid concentration, particularly after exercise, is with only a few exceptions consistently higher in the cyanotic group. The presence of cyanosis, though not directly responsible for higher blood lactic acid levels, indicates a potential state of oxygen deficiency which easily can be precipitated by mild physical exertion. It is a common clinical observation that in congenital heart defects with venous-arterial shunts, cyanosis becomes more intense upon such slight exertion as walking. This observation was made in the cyanotic cases following the exercise test. This is to be attributed to the fact, as pointed out by Haldane (7) , that in morbus caeruleus after exercise, the blood returned from the musculature is extremely poor in oxygen. Furthermore, Lundsgaard and Van Slyke (8) point out that as much as one-third of the venous blood entering the right heart chamber must be shunted over directly into the systemic circulation before the cyanotic threshhold is exceeded. In extreme cases of cyanosis as much as two-thirds of the venous stream may be shunted, thus leading to a high degree of oxygenunsaturation. It is reasonable to assume therefore that cyanosis in congenital heart disease indicates the presence and approximate extent of the shunt, though not in quantitative terms.
When polycythemia is present in congenital
heart disease it appears to be a compensatory process arising from the stimulation of erythropoietic bone marrow tissue by anoxia. As a consequence the red cell count increases and therefore the capacity of the blood to carry oxygen is increased. In spite of its apparent beneficial effects, its presence indicates, as our studies show, that the liability to tissue anoxia is great even following mild exertion (Table II) . The degree of cyanosis is not necessarily an index of the amount of oxygen lack that will develop following muscular work. Case 16 (Table  II) illustrates this point. Two separate sets of determinations were carried out on this individual, the results being in very good agreement. The resting values on both occasions were slightly elevated as compared with the normal group. Following exercise the average rise of lactic acid was about 2 mgm. per 100 cc. of blood. This patient had continuous cyanosis and following the exercise the cyanosis deepened appreciably, yet the lactic acid rise was only slight. Marked secondary polycythemia was present in this subject, and there was moderate cardiac enlargement. We must conclude from this case that tissue anoxia, at least to any marked degree, may be absent even in the presence of cyanosis and polycythemia. This patient complained of no fatigue after exercise and dyspnea was not noted. He stated he could easily carry on the work and was the only patient in this group who did not show evidence of fatigue or dyspnea. Obviously there was enough reduced hemoglobin to produce cyanosis, yet there was a sufficient amount of oxygen to prevent a muscle oxygen debt.
Blood lactic acid in acquired heart disease When the five uncomplicated cases of mitral stenosis and aortic insufficiency (Table IV) are considered, it will be noted that the lactic acid levels before and after exercise are within normal limits and that the exercise response is the same as in normal subjects. On the other hand, the two cases of mitral stenosis associated with auricular fibrillation showed a moderate rise above the normal lactic acid level. Also, slight to moderate dyspnea was noted after the exercise. It would appear that in cases of valvular defects associated with auricular fibrillation a mild state of anoxia develops following exercise. In this group can also be included Case 38 with hypertension, auricular fibrillation, and evidence of marked en-largement of the left ventricle. Dyspnea followed the exercise test and, while the resting level of lactic acid was at the upper limits of normal, the concentration after exercise rose to 30.05 mgm. The lactic acid rise in this case was undoubtedly consequent to left ventricular failure.
Of the two cases of coronary thrombosis studied, Table V, Group V, neither had any signs of congestive failure, still the resting blood lactic acid levels were slightly elevated.
Two cases of congestive failure were studied, Table V , Group VII. Both showed high blood lactic acids levels at rest. Case 28 was given the standard exercise test and the blood lactic acid rose to 53 mgm. per 100 cc. of blood. This was the highest value recorded in the series, indicating the great tendency to tissue anoxia when the cardiac reserve is impaired.
That the concentration of lactic acid may reach abnormally high concentrations even at rest in cases of circulatory failure was demonstrated by Meakins and Long (9) and confirmed by Jervell (10) . They pointed out, furthermore, that the accumulation of lactic acid in the blood was in proportion to the severity of the circulatory failure and was excessively great after exercise. The results in our two cases were in entire accord with the findings of the above investigators.
The increase in the concentration of lactic acid following even mild exercise in cardiac failure must be attributed to a deficient oxygen supply to the tissues. With mild physical exertion the oxygen supply cannot be increased in proportion to the increased oxygen requirement, and a greater accumulation of lactic acid in the blood is found.
Relation of blood lactate values to cardiac insufficiency From the studies above it is apparent that the cause of hyperlacticacidemia in acquired heart disease is myocardial insufficiency. It is then necessary to inquire whether the high lactate values obtained in Table II (cyanotic type of congenital heart disease) and Table III (acyanotic type) can be accounted for on the basis of myocardial weakness. In order to obtain data in this direction we submitted the patients with congenital heart disease to radiocardiological and electrocardiographic examination of the heart, the purpose being not only to determine the type of enlargement for diagnostic purposes, but also to determine the degree of enlargement from a viewpoint of cardiac efficiency. The degree of enlargement is a fair index of the severity of the myocardial lesion and of the liability to failure (11, 12, 13) . When Table VI is examined all the post-exercise values are abnormally high except in Case 16. Case 16 showed moderate enlargement of all chambers of the heart, yet the lactate concentration remains about stationary. Certainly from the point of view of enlargement the lactate values after exercise in this instance should be high if myocardial insufficiency were present. On the other hand Cases 11, 12, and 13 showed a very slight degree of enlargement with no evidence of myocardial disease by the electrocardiogram. Yet the lactate values doubled after exercise. From a consideration of these observations it would be inconsistent to attribute the high lactate values to myocardial insufficiency. In Cases 14 and 15 only are we justified in attributing the high lactate value to myocardial insufficiency. Yet in Case 14 gross failure was absent, for the venous pressure was 9 cm. H20.
When Table III (acyanotic group of congenital heart disease) is examined, abnormally high values are found in Cases 17, 18, 21, 22, and 23. Case 17 showed only slight enlargement. Case 18 showed no enlargement. Case 21 revealed a large pulmonary artery with very slight if any enlargement of the right ventricle. Case 22 showed no enlargement of the ventricles except slight enlargement in the region of the conus and Case 23 showed no enlargement. Of course, it is possible that temporary myocardial insufficiency could have manifested itself during exercise.
The above studies demonstrate that two factors may operate either singly or in combination to increase the lactic acid concentration of the blood in congenital heart disease. These are myocardial insufficiency and the presence of either intra or extra cardiac shunts. In the presence of cardiac enlargement, to at least a moderate degree, the cardiac reserve may be impaired and an increase in the blood lactate may be found after exercise. The co-existence of a veno-arterial shunt would heighten the blood lactate value. However, when cardiac enlargement is minimal or absent then the high lactate values may be preponderantly a direct result of the veno-arterial shunt. On the other hand, the elevation of the blood lactate in some cases of the acyanotic group (arteriovenous shunts) requires further explanation. The high values cannot be explained on the basis of myocardial insufficiency because it would be extremely difficult to comprehend how a heart normal in size and not showing any evidence of myocardial disease could become temporarily incompetent during mild exercise. It is our impression that the high lactate values obtained are probably due to the shunting of blood from the left to the right side of the heart through large defects and that therefore the output of blood through the aorta into the peripheral circulation does not increase in proportion to the oxygen demand of the muscles in exercise.
From the foregoing survey it is apparent that the hyperlacticacidemia which develops after exertion is constantly associated with the presence of dyspnea, regardless of the cause of anoxemia.
When dyspnea is present one can predict the occurrence of abnormally increased amounts of lactic acid in the tissues and blood during exercise. Valentin (14) previously adduced evidence to show that blood lactic acid is high in all conditions involving dyspnea. The observations made in this study indicate that dyspnea invariably accompanies the anoxemic state.
CONCLUSIONS
1. An increased concentration of lactic acid in the venous blood is evidence of an inadequate supply of oxygen to the tissues.
2. There is only a slight increase of lactic acid in the blood following mild exercise in normal individuals, an average increase of about 2 mgm. per 100 cc. of blood above the resting value. The normal upper limit of concentration of venous blood lactic acid following our exercise test did not exceed 21 mgm. per 100 cc. of blood.
3. The blood lactic acid studies show that tissue anoxia is not present at rest in patients with congenital heart disease, either in the presence or absence of cyanosis.
4. Following mild exercise there is a definitely abnormal rise of blood lactic acid in the cyanotic group of congenital heart disease, indicating a greater liability to the development of tissue oxygen deficit after even slight physical exertion.
5. The presence of cyanosis and polycythemia in congenital heart disease does not necessarily indicate that oxygen deficit will develop following mild exertion for no significant rise of lactic acid level occurred in a case of morbus caeruleus.
6. Following mild exertion, a definitely abnormal rise may occur in some acyanotic cases of congenital heart disease, but the rise is not as great on the average as in the cyanotic group.
7. When dyspnea follows mild exercise the presence of tissue oxygen want may be assumed to be present regardless of what specific cardiac defect is ultimately responsible.
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